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[Title of the invention] Torque converter 

[Technical field] 

[0001] 

The present invention is related to a torque converter, particularly to a torque 
converter that is extremely flattened. 
[Background art] 



A torque converter includes a torus having three types of vane wheels (an impeller, 
a turbine, and a stator) and serves to transmit torque by fluid in the torus. The impeller 
forms a fluid chamber filled with operating oil with the front cover. The impeller is 
mainly made of an annular impeller shell, a plurality of impeller blades fixed to an inner 
surface of the impeller shell, and an annular impeller core fixed to the inner ends of the 
impeller blades. The turbine is disposed in the interior of the fluid chamber opposing the 
impeller in the axial direction. The turbine is mainly made of an annular turbine shell, a 
plurality of turbine blades fixed to a surface of the turbine shell facing the impeller, and an 
annular turbine core fixed to the inner ends of the turbine blades. A radially inner portion 
of the turbine shell is fixed to a flange of a turbine hub by a plurality of rivets. The turbine 
hub is non-rotatably coupled to a main drive shaft of the transmission. The stator regulates 
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the flow of the operating oil that is returned from the turbine to the impeller. The stator is 
disposed between radially inner portions of the impeller and the turbine. The stator is 
mainly made of an annular stator shell, a plurality of stator blades formed on an outer 
circumference of the stator shell, and an annular stator core formed on tips of the stator 
blades. The stator is supported by a stator shaft via a one-way clutch. 

In general, a torque converter can smoothly accelerate and decelerate because 
power is transmitted by fluid. However, a loss of energy can be caused by fluid slip 
resulting in poor fuel economy. Therefore, a torque converter that is mounted with a 
lock-up device to connect mechanically an input-side front cover and an output-side turbine 
exists among prior art torque converters. The lock-up device is disposed in a space 
between the front cover and the turbine. The lock-up device is mainly formed of a 
disc-shaped piston, a driven plate, and torsion springs. The disc-shaped piston can be 
frictionally engaged with the front cover. The driven plate is mounted to a back face side 
of the turbine. The torsion springs elastically connect the piston and the driven plate in a 
rotating direction. An annular frictional member is adhered to the piston so that it faces a 
flat frictional face of the front cover (refer to Patent Document 1 , for example). 
[Patent document 1] Unexamined Patent Publication 2003-56669 
[Disclosure of Invention] 
[0003] 
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Recently, due to the limited space, it has been strongly requested that torque 
converters be flattened further. In addition, since lock-up devices have been employed and 
the size has become larger as mentioned before, it is especially requested that the torus be 
further flattened. However, if the torus is further flattened, the performance of the torque 
converter may deteriorate. 

It is an object of the present invention to reduce deterioration in the fluid operation 
performance of the torque converter having a torus that is further flattened. 

According to a first aspect of the present invention, a torque converter for 
transmitting torque by fluid includes a front cover, an impeller, a turbine, and a stator. The 
front cover receives torque. The impeller forms a fluid chamber with the front cover, and 
includes an impeller shell and a plurality of impeller blades fixed to the impeller shell. 
The turbine is located facing the impeller within the fluid chamber, and includes a turbine 
shell and a plurality of turbine blades fixed to the turbine shell. The stator is located 
between the impeller and the turbine, and adjusts the flow of the fluid from the turbine to 
the impeller. The impeller, the turbine, and the stator constitute a torus. In the torus, 
flattening (L/Dl) is less than or equal to 0.18, wherein Dl is an outer diameter and L is an 
axial-direction length. A surface of the impeller shell on which the impeller blades are 
fixed has an impeller straight portion showing a straight line in a cross section. A surface 
of the turbine shell on which the turbine blades are fixed has a turbine straight portion 
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showing a straight line in a cross section. 

In this torque converter, since the impeller straight portion and the turbine straight 
portion are provided, the fluid operation performance is unlikely to deteriorate, although 
flattening (L/Dl) is less than or equal to 0.18. 

A torque converter according to a second aspect of the present invention is the 
torque converter of the first aspect, wherein the impeller straight portion is formed at a 
radially intermediate portion of the impeller shell. The turbine straight portion is formed 
at a radially intermediate portion of the turbine shell. 

In this torque converter, the outlet radius of the turbine can be shortened, so that 
torque ratio in a high-speed ratio range becomes higher, thereby improving the efficiency. 
In addition, the radius of the outlet and inlet of the stator can be shortened, so that the 
capacity coefficient in the high-speed ratio range becomes higher. 

A torque converter according to a third aspect of the present invention is the torque 
converter of the first or second aspect, wherein the impeller straight portion and the turbine 
straight portion extend perpendicular to a rotational axis of the torque converter. In other 
words, the impeller straight portion and the turbine straight portion compose annular flat 
surfaces having a width in the radial direction. 

A torque converter according to a fourth aspect of the present invention is the 
torque converter of any of the first to the third aspects, wherein a ratio (St/L) is in the range 
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between 0.1 and 0.7, L being an axial direction length of the torus and St being a length of 
the turbine straight portion. • 

In this torque converter, the ratio is within the range as mentioned above, the 
efficiency and the capacity coefficient are sufficiently high. 

A torque converter according to a fifth aspect of the present invention is the torque 
converter of any of the first to the fourth aspects, wherein the length Si of the impeller 
straight portion is more than or equivalent to the length St of the turbine straight portion. 

In this torque converter, due to the length Si of the impeller straight portion, the 
fluid operation performance is unlikely to deteriorate. The reason is that the pressure at 
the radially outer portion of the impeller does not become high so that the flow loss does not 
increase. 

A torque converter according to a sixth aspect of the present invention is the torque 
converter of the fifth aspect, wherein the length Si of the impeller straight portion is at least 
1.15 times the length St of the turbine straight portion. 

In this torque converter, since the length Si of the impeller straight portion is 
adequately long, the fluid operation performance is unlikely to deteriorate. 

In the torque converter according to the present invention, the fluid driving 
performance is unlikely to deteriorate, although the torus is further flattened. 
[Brief description of drawings] 
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Fig. 1 is a longitudinal cross-sectional diagram of a torque converter according to 
one embodiment of the present invention. 

Fig. 2 is a view of showing changes of efficiency and capacity coefficient relative 
to "turbine straight portion length/torus axial direction length." 
[Explanations of letters or numerals] 
[0005] 

1 torque converter 

6 fluid operating chamber (torus) 

18 impeller 

1 9 turbine 

20 stator 

22 impeller shell 

22b impeller straight portion 

25 turbine shell 

25b turbine straight portion 

[Best mode for carrying out the invention] 

[0006] 

(1) Structure 
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Fig. 1 is a longitudinal cross sectional diagram of a torque converter 1 in which an 
embodiment of the present invention is employed. The torque converter 1 is a device to 
transmit torque from a crankshaft of the engine to an input shaft of the transmission (not 
shown). The engine (not shown) is located on the left side of Fig. 1 , and the transmission 
(not shown) is located on the right side of Fig. 1 . The line O-O shown in Fig. 1 is a 
rotational axis of the torque converter 1 . 

The torque converter 1 is mainly made of a fluid operating chamber (torus) 6 
having a torus shape formed by three kinds of vane wheels including an impeller 18, a 
turbine 19, and a stator 20. The torque converter 1 also includes a lock-up device 7. 
1) Fluid operating chamber 

The front cover 14 is a disc-like member that is located adjacent a flexible plate. 
A center boss 15 by welding is fixed to a radially inner portion of the front cover 14. The 
center boss 15 is an axially extending cylindrical member that is inserted in a center recess 
of the crankshaft. A plurality of bolts 12 spaced apart at substantially equal distance 
around the circumference for fixing the flexible plate is located around the radially outer 
portion and on the engine-side of the front cover 14. 

At the radially outer portion of the front cover 14, a radially outer cylindrical 
portion 16 extends toward the transmission in the axial direction. An outer periphery of an 
impeller shell 22 of the impeller 18 by welding is fixed at a tip of the radially outer 
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cylindrical portion 16. As a result, the front cover 14 and the impeller 18 constitute a fluid 
chamber 11 filled with an operating oil (fluid). The impeller 18 is mainly made of the 
impeller shell 22, a plurality of impeller blades 23 fixed to an inner face 22a of the impeller 
shell 22, and an impeller hub 24 fixed to the radially inner portion of the impeller shell 22. 

The turbine 19 is located in the fluid chamber 1 1 so that it faces the impeller 18 in 
the axial direction. The turbine 19 is mainly made of a turbine shell 25 and a plurality of 
turbine blades 26 fixed on an impeller-side surface 25a of the turbine shell 25. The turbine 
shell 25 has a radially inner portion fixed to a flange of the turbine hub 27 by a plurality of 
rivets 28. The turbine hub 27 is non-rotatably coupled to the input shaft (not shown). 

The stator 20 is a device to adjust the flow of the operating oil returning from the 
turbine 19 to the impeller 18. The stator 20 is a one-piece member formed of resin, 
aluminum alloy, or the like by casting. The stator 20 is located between a radially inner 
portion of the impeller 18 and a radially inner portion of the turbine 19. The stator 20 is 
mainly made of an annular carrier 29, a plurality of stator blades 30 formed on the outer 
circumference of the carrier 29, and an annular core fixed to tips of the stator blades 30. 
The carrier 29 is supported by a fixed shaft (not shown) via a one-way clutch 32. 

The one-way clutch 32 is supported by an outer race 33 fixed to the carrier 29 and 
an inner race 34 fixed to the fixed shaft. A thrust bearing 39 is located between the carrier 
29 and the impeller hub 24. On an axial-direction engine side of the outer race 33 of the 
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one-way clutch 32 is located an annular engagement member 36, which prevents 
components of the one-way clutch 32 from dropping off in the axial direction. A thrust 
bearing 40 is located between the engagement member 36 and the turbine hub 27. 

The surface 22a of the impeller shell 22, on which the impeller blades 23 are fixed, 
is formed with an impeller straight portion or linearly shaped part 22b having a straight line 
in a cross section. The surface 25a of the turbine shell 25, on which the turbine blades 26 
are formed, is formed with a turbine straight portion or linearly shaped part 25b having a 
straight line in a cross section. The impeller straight portion 22b and the turbine straight 
portion 25b extend perpendicular to the rotational axis O-O of the torque converter 1 . In 
other words, the impeller straight portion 22b and the turbine straight portion 25b compose 
annular flat surfaces having a width in the radial direction. 

The impeller straight portion 22b is formed at the radially intermediate portion of 
the impeller shell 22. The turbine straight portion 25b is formed at the radially 
intermediate portion of the turbine shell 25. Consequently, both sides of the straight 
portions 22b and 25b in the radial direction have a shape of smooth curve. The impeller 
straight portion 22b and the turbine straight portion 25b correspond to each other in the 
axial direction, i.e., having portions whose positions in the radial direction are the same. 
In this embodiment, length Si of the impeller straight portion 22b is longer than length St of 
the turbine straight portion 25b, by about double, for example. It should be noted that 
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"straight line" in this specification indicates a substantially straight line, and includes a 
situation in which a radius of curvature R of relative to line segments of the turbine straight 
portion 25a is more than or equal to a half of Dl (the outer diameter of the fluid operating 
chamber 6), for example. 

The position of the radially outer edge of the impeller straight portion 22b is almost 
the same as that of the radially outer edge of the turbine straight portion 25b. The position 
of the radially inner edge of the impeller straight portion 22b is displaced radially and 
inwardly from that of the radially inner edge of the turbine straight portion 25b. In other 
words, the radially inner portion of the impeller straight portion 22b does not face that of 
the turbine straight portion 25b in the axial direction. The radially inner portion of the 
impeller straight portion 22b is a portion having the shape of a straight line, being altered 
from a curved portion of the impeller shell as B portion shown in chain double-dashed lines 
in Fig. 1 . In summary, in the present embodiment, the enclosed area B that is diagonally 
shaded by the chain double-dashed lines is replaced with a new part of the flow passage in 
the impeller. As a result, the blade area of the impeller 18 is increased compared to that of 
the conventional art. In addition, the inner diameter of the inlet portion of the impeller 18 
is larger than that of the conventional art. 

Ratio (D2/D1) is 0.58 in the fluid operating chamber 6, which has a shape of torus, 
wherein D2 is the inner diameter and the Dl is the outer diameter. It should be noted that 
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the inner diameter D2 is a diameter of a circle that corresponds to the outer circumference 
of the carrier 29 of the stator 20, and the outer diameter Dl is a diameter of a circle that 
corresponds to the radially outermost portion of the impeller 18 or the turbine 19 (the 
outermost peripheries of the blades at the outlet of the impeller 1 8 or the inlet of the of the 
turbine 19). The ratio means that if the outer diameter Dl is the same order as that of the 
conventional art, the inner diameter D2 is sufficiently increased. Accordingly, a space is 
ensured at a radially inner portion of the fluid operating chamber 6 to locate torsion springs 
54 of the lock-up device 7 (described later). Preferably, D2/D1 is in the range of 0.50 to 
0.77. One of the reasons is that if D2/D1 were equal to or more than 0.77, the flow 
passage area in the torus would be very small, so that the flow rate acting on the blades 
would decrease and the torque capacity of the impeller would be reduced. Furthermore, 
the maximum efficiency of the torque converter would deteriorate because the outlet radius 
Rl of the turbine 19 would increase. 

In this torque converter 1, the axial direction length is reduced dramatically 
compared to that of the conventional art. Specifically, the fluid operating chamber 6 is 
further flattened, flattening (L/Dl), a ratio of the axial direction L of the fluid operating 
chamber 6 relative to the outer diameter Dl of the fluid operating chamber 6, is about 0.17, 
preferably less than or equal to 0.18. This means that if the outer diameter Dl of the torus 
were to have the same order of magnitude as the conventional one, the axial dimension L 
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would be shortened dramatically. It should be noted that the axial-direction length L of the 
fluid operating chamber 6 indicates a distance between the farthest portion of the inner side 
of the impeller shell 22 toward the transmission and the farthest portion of the inner side of 
the turbine shell 25 of the turbine 19 toward the engine. 
2) Lock-up device 

Next, a description will be made on the lock-up device 7. The lock-up device 7 is 
a device to connect mechanically the front cover 14 with turbine 19, and is located between 
the front cover 14 and the turbine 19 in the axial direction within the fluid chamber 11. 

The lock-up device 7 is mainly made of a piston member 44 and a damper 
mechanism 45. The piston member 44 is a disc-like member that is located adjacent an 
axial-direction engine side of the front cover 14. The piston member 44 is formed with a 
radially inner cylindrical portion 48 at a radially inner portion thereof, extending toward the 
transmission in the axial direction. The radially inner cylindrical portion 48 is supported 
by the outer circumference of the turbine hub 27 so that the portion 48 can rotate and move 
in the axial direction relative to the hub 27. It should be noted that the movement of the 
piston member 44 toward the transmission in the axial direction is limited to a certain 
position because an axial-direction transmission side end of the radially inner cylindrical 
portion 48 can abut against the flange of the turbine hub 27. a seal ring 49, which seals a 
radially inner portion of the piston member 44 between the spaces in the axial direction, is 
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provided around the outer circumference of the turbine hub 27. 

The piston member 44 has a radially outer portion that functions as a clutch 
engagement portion. An annular friction facing 46 is attached to an engme-side of the 
radially outer portion of the piston member 44. The friction facing 46 is opposed to an 
annular and flat friction surface formed at the radially outer portion of the front cover 14. 
The radially outer portion of the piston member 44 is formed with a plurality of projections 
47 that extend toward the transmission in the axial direction. 

The damper mechanism 45 is made of a drive member 52, a driven member 53, 
and a plurality of torsion springs 54. The drive member 52 is made of a pair of plate 
members 56 and 57 located side by side in the axial direction. The pair of plate members 
56 and 57 have radially outer portions that are in contact with each other and fixed to each 
other by a plurality of rivets 55. The pair of plate members 56 and 57 have outer 
peripheries that are formed with a plurality of projections 52a extending in the radial 
direction so as to engage with the projections 47. This engagement allows the piston 
member 44 and the drive member 52 to move relative to each other in the axial direction, 
but not in the rotational direction. The pair of plate members 56 and 57 have radially inner 
portions that have a gap in the axial direction therebetween. The radially inner portions of 
the plate members 56 and 57 are formed with a plurality of first and second support portions 
56a and 57a, respectively, being arranged in the circumferential direction. The first and 
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second support portions 56a and 57a are structures that accommodate and support the later 
described torsion springs 54, and specifically are cut-and-bent portions standing in the axial 
direction at both ends in the radial direction. The driven member 53 is a disc-like member 
that is located between the first and second plate members 56 and 57 in the axial direction, 
having a radially inner portion fixed to the flange of the turbine hub 27 by the rivets 28. 
The driven member 53 is formed with window holes 58 that correspond to the first and 
second support portions 56a and 57a. The window hole 58 is a hole that extends in the 
circumferential direction. The torsion spring 54 is accommodated within a set of the 
window hole 58 and the first and second support portions 56a and 57a. The torsion spring 
54 is preferably a coil spring that extends in the circumferential direction, and has both ends 
in the circumferential direction to be supported by circumferential ends of the window hole 
58 and the first and second support portions 56a and 57a. In addition, the torsion spring 54 
is supported by the cut-and-bent portions of the first and second support portions 56a and 
57a for limited axial travel. It should be noted that the damper mechanism 45 further 
includes torsion springs 59 to realize a stopper torque. 

As described above, since the inner diameter D2 of the fluid operating chamber 6 is 
larger than before, it is possible to prepare the torsion springs 54 to have a coil diameter 
larger than that of conventional torsion springs. Specifically, the position in the axial 
direction of the axial-direction transmission side edge of the torsion springs 54 is nearer to 
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the transmission in the axial direction than the axial position of the portion nearest to the 
engine of the outer surface of the turbine shell 25, and than the portion nearest to the engine 
(the turbine straight portion 25b) of the inner face 25a of the turbine shell 25. As a result, 
it is easy to improve performance of the torsion springs 54. As a result, it is really possible 
to use fluid torque transmission by the fluid operating chamber 6 of the torque converter 1 
only at the start of the vehicle and then to use the torque converter 1 in a mechanical torque 
transmission state in which the lock-up device 7 is coupled. 
(2) Operation 

When the torque is transmitted from the engine (not shown) to the crankshaft, the 
torque is transmitted via the flexible plate to the front cover 14 and the impeller 18. The 
operating oil is driven by the impeller blades 23 of the impeller 18 to rotate the turbine 19. 
The torque of the turbine 19 is output via the turbine hub 27 to the input shaft (not shown). 
The operating oil, flowing from the turbine 19 to the impeller 18, flows through the stator 
20 toward the impeller 18. 

When the operating oil in a space between the front cover 14 and the piston 
member 44 is drained radially inwardly, due to a hydraulic pressure difference, the piston 
member 44 moves toward front cover 14, and the friction facing 46 is pressed against the 
friction surface of the front cover 14. As a result, the torque is transmitted from the front 
cover 14 via the lock-up device 7 to the turbine hub 27. Since the performance of the 
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torsion springs 54 is improved as described above, the torsional vibrations can be 
sufficiently reduced even if the lock-up engagement is performed from a low-speed range. 
(3) Effects 

In this torque converter 1, although the flattening (L/Dl) is less than or equal to 
0.1 8, the performance of the fluid operation of the torque converter 1 is unlikely to be 
reduced since the impeller straight portion 22b and the turbine straight portion 25b are 
provided. Especially, since the impeller straight portion 22b is formed at the radially 
intermediate portion of the impeller shell 22 and the turbine straight portion 25b is formed 
at the radially intermediate portion of the turbine shell 25, the outlet radius Rl of the turbine 
19 can be decreased. Consequently, direction of the operation oil going into the stator 20 
is changed so that torque ratio in the high-speed ratio range is high, thereby improving the 
efficiency. Additionally, the inlet and outlet radius R2 of the stator 20 can be shortened, so 
that the capacity in the high-speed ratio range can be higher. 

In the torque converter 1 , ratio (St/L), a ratio of length St of the turbine straight 
portion 25b relative to axial direction length L of the fluid operating chamber 6 is 0.29. If 
the ratio (St/L) is in the range of 0.1 to 0.7, the efficiency and the capacity coefficient are 
sufficiently high, as shown in the graph of Fig. 2. Furthermore, if the ratio (St/L) is in the 
range of 0.2 to 0.6, the efficiency and the capacity coefficient are sufficiently high. 

Since the length Si of the impeller straight portion 22b is adequately long, the 
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performance is unlikely to deteriorate. The reason is that the pressure at the radially outer 
portion of the impeller 18 (circle A portion in Fig. 1) does not become high so that the flow 
loss does not increase. If the length Si of the impeller straight portion 22b is more than or 
equivalent with the length St of the turbine straight portion 25b, the operating oil can flow 
smoothly from the radially intermediate portion to the outlet of the impeller 18 because the 
blade area in the impeller 18, corresponding to the area that is diagonally shaded by chain 
double-dashed lines, increases. As a result, the capacity coefficient becomes higher over 
the whole speed ratio range. Preferably, the length Si of the impeller straight portion 22b 
is at least 1.15 times length St of the turbine straight portion 25b. 

The present invention is not limited to the above-described embodiments, and 
various modifications and amendments are possible without departing the scope and sprit of 
the present invention. 
[Industrial applicability] 
[0007] 

The present invention is applicable to a torque converter of the vehicle. 



